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Characterization of Chloramphenicol-Resistant Haemophilus
influenzae

MARILYN C. ROBERTS,l2* CHRISTINA D SWENSON,2 LYNN M. OWENS,2 AND
ARNOLD L. SMITH'12

Division ofInfectious Disease, Children's Orthopedic Hospital and Medical Center,2 and the Department of
Pediatrics, University of Washington School ofMedicine,' Seattle, Washington 98195

We examined nine chloramphenicol-resistant (miniimal inhibitory concentra-
tion, -15 pg/ml) Haemophilus influenzae strains isolated in various parts of the
world to characterize the genetic and biochemical bases of the resistance; four
were type b. All nine contained conjugative plasmids, ranging in molecular weight
from 34 x 106 to 46 x 106, which encoded for resistance to chloramphenicol and
tetracycline or chloramphenicol, tetracycline, and ampicillin. Deoxyribonucleic
acid homology studies showed that these plasmids were closely related to a
previously described ampicillin-resistant plasmid, RSFOO7, and to each other. All
nine isolates and their chloramphenicol-resistant transconjugants produced chlor-
amphenicol acetyltransferase. We conclude that chloramphenicol resistance in
these strains of H. influenzae is via plasmid-mediated production of chloram-
phenicol acetyltransferase.

Haemophilus influenzae causes serious infec-
tions in children, notably, meningitis and epi-
glottitis. The emergence of ampicillin resistance
in H. influenzae in 1974 and its spread through
the population has necessitated the use of chlor-
amphenicol in the initial antibiotic therapy of
children with systemic H. influenzae infections.
Unfortunately, in the last few years chloram-
phenicol-resistant H. influenzae organisms were
isolated from both healthy and infected individ-
uals. Since 1978, chloramphenicol-, tetracy-
cline-, and ampicillin-resistant strains (Cmr, Tcr,
Apr) have been isolated, particularly in children
migrating from the Far East. These multiresis-
tant H. influenzae strains present a serious prob-
lem in the treatment of disease due to such
organisms.
Chloramphenicol resistance in H. influenzae

has not been well characterized, although Zai-
denzaig et al. (15) examined a chloramphenicol
acetyltransferase (CAT) partially purified from
a chloramphenicol-resistant H. parainfluenzae
isolate. In this study, we characterized nine
chloramphenicol-resistant H. influenzae strains
isolated in various parts of the world from both
healthy and infected people. CAT activity was
found in each of the strains.

MATERIALS AND METHODS
Bacterial strains. The bacterial strains and plas-

mids used in this study are listed in Table 1.
Media. The solid medium used for the growth of

H. influenzae was a modified Keliogg agar plate sup-
plemented with 10 pg of hemin, 10 pg of L-histidine,
and 2 pg of nicotinamide adenine dinucleotide per ml
(2). For certain experiments, the solid medium was

supplemented with 5 pLg of chloramphenicol, 5 pug of
tetracycline, 10 pg of ampicillin, 10 pg of rifampin, 10
pg of erythromycin, or 250 pg of streptomycin per ml;
drugs were added singly or two in combination. Brain
heart infusion, 3.5% (Difco), was used to grow Esche-
richia coli. The same nutrient broth supplemented
with 10 pug of hemin, 10lg of L-histidine, and 2 pg of
nicotinamide adenine dinucleotide per ml was used for
H. influenzae. Chloramphenicol-resistant E. coli
strains were also grown on MacConkey agar contain-
ing 20 pg of chloramphenicol per ml. Plate cultures
were grown at 36.5°C in 5% C02, whereas liquid cul-
tures were incubated at 370C and shaken at 200 rota-
tions per min.
Agarose gel electrophoresis. Cleared lysates of

bacterial strains were prepared as described by Meyers
et al. (9). Strains were also lysed by using the proce-
dure described by Hansen and Olsen (4). Both were
subjected to electrophoresis through a 0.7% agarose
gel. The molecular mass of each plasmid was calcu-
lated from the distance traveled down the gel com-
pared with molecular weight standards derived from
E. coli (9).

Determinations of minimal inhibitory concen-
trations. The minimal inhibitory concentrations were
determined by agar dilutions, using a Steers replicator.
An inoculum of 105 was used as described by Syrio-
poulou et al. (13).
Mating procedure. Filter matings were performed

by using a modification ofthe method ofvan Klingeren
et al. (14). Donor and recipient strains were grown
separately to a density of 108 per ml. Equal volumes of
donor and recipient were placed on a Bio-Rad 0.2-pm
filter and incubated overnight. After incubation, the
cells were rinsed from the filter, diluted, and plated.
The recipient strain, H. influenzae Rd Rifr Eryr Strr
(rifampin resistant, erythromycin resistant, and strep-
tomycin resistant), was mated with each chloram-
phenicol-resistant H. influenzae strain. All donors
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TABLE 1. Bacterial strains and their plasmids
Date
iso-. Isolation Capsule Bio- RStrain Plasmid lated Geographic area site type typeResstance
(yr)

H. influenzae
HC234 pRI234 1976 The Netherlands Pharynx II Cm Tc
R328 pMR328 1976 France CSFh Non-be II Cm Tc
77-36098 pMR7736 1977 United States Blood b III Cm Tc
R374 pMR374 1978 Canada Sputum II Cm Tc Ap
R375 pMR375 1978 United States Trachea b II Cm Tc Ap
9-80118 pMR9801 1979 United States Ear II Cm Tc
R384 pMR384 1979 United States Pharynx II Cm Tc
R385 pMR385 1979 United States CSF b I Cm Tc Ap
R387 pMR387 1979 Thailand CSF b II Cm Tc Ap
HR7 RSFOO7 1975 United States b Ap
Rd 1944 United States dd Rif Str Ery

E. coli
J53
J53 Ri Ap Sm Cm (type I)

Km Su
J53 Sa Sm Cm (type II)

Km Su
J53 R387 Sm Cm (type III)

a Plasmid-mediated resistance: Cm, chloramphenicol; Ap, ampicillin; Tc, tetracycline; Sm, streptomycin; Su, sulfonamide;
Km, kanamycin. Chromosomal resistance: Rif, rifampin; Str, streptomycin; Ery, erythromycin.

CSF, Cerebrospinal fluid.
R328 was originally a capsulated strain. The strain has lost its capsule, and we were unable to determine its type.

d Rd is a type d strain which no longer produces a detectable capsule.

were rifampin susceptible and erythromycin or strep-
tomycin susceptible or both. Transconjugants were
selected on 5 ,ug of tetracycline and 10 MLg of rifampin,
5 ,ug of chloramphenicol and 10 Mg of rifampin, or 1Q
,ug of ampicilHin and 10 Ag of rifampin per ml. The
numbers of donors and recipients were calculated by
plating on media containing chloramphenicol or rif-
ampin. Plates were incubated overnight, and individ-
ual transconjugants were selected. A minimum of
three matings were performed with each donor, and
the mean frequency of transfer was calculated.

Testing antibiotic resistance of transconju-
gants. Individual transconjugants were restreaked
onto the same selective medium two to four times.
Inocula for antibiotic susceptibility testing were re-
moved from selective plates after overnight incuba-
tion. Cells were suspended in buffered saline and di-
luted to allow the Steers replicator to deliver between
104 and 105 colony-forming units to the test plate. Both
donor and recipient controls were included in each
run. The antibiotic (Rif, Str, Ery, Cm, Tc, Ap) plates
were inoculated first, followed by an antibiotic-free
plate; only isolates which were Rifr Strr Eryr were
counted. This eliminated any donors which had mu-
tated to rifampin resistance. Between 50 and 100 col-
onies were tested for each resistance marker. The
isolates from a minimum of three different matings
were tested for antibiotic susceptibility.

Preparation of plasmid DNA. [3H]thymidine-la-
beled plasmid deoxyribonucleic acid (DNA) was pre-
pared from H. influenzae HR7 and HC234 as previ-
ously described by De Graaff et al. (1).
DNA-DNA hybridization studies. Unlabeled

whole-cell DNA from H. influenzae was prepared by
the method of So et al. (12). Hybridizations were done
at 63°C for 21 h and assayed by the SI endonuclease
technique (12).

CAT and characterization. CAT-containing ex-
tracts were prepared from nine Cmr H. influenzae
strains, Cm8 H. influenzae Rd, Cmr transconjugants,
E. coli J53 carrying plasmids Rl, Sa, and R387, and
Cm& R- E. coli J53 from late-log-phase cells as de-
scribed by Zaidenzaig and Shaw (16). CAT activity
was assayed spectrophotometrically by determining
the chloramphenicol-dependent appearance of coen-
zyme A, using acetyl-coenzyme A as the substrate.
Protein concentrations were determined by the
method of Lowry et al. (8), using bovine serum albu-
min as the standard.

RESULTS

Demonstration of plasmids in chloram-
phenicol-resistant H. influenzae. Cleared ly-
sates of each chloramphenicol-resistant strain
were electrophoresed on a 0.7% agarose gel (Fig.
1); with the exception of slot I, each strain ap-
peared to carry a single large plasmid. (Slot A
has molecular weight standards.) Strain R387
from Thailand (slot I) carried a large plasmid
and two smaller ones. Molecular weights for the
large plasmids determined from agarose gels
ranged between 34 x 106 and 46 x 106.
Relationships between plasmids from H.

influenzae. Previously, a number of large R
plasmids from H. influenzae bearing different
resistance genes have been studied (3, 6, 7, 10,
14). The group as a whole appears to share at
least 60% of their polynucleotide sequences with
each other, suggesting that they belong to the
same incompatibility group or that these orga-
nisms carry a common core plasmid to which
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FIG. 1. Agarose gel electrophoresis of DNA from
cleared lysates of Cmr H. influenzae. (A) Molecular
weight standards ranging from 62 x 106 to 4.2 x 106;
(B) strain HC234; (C) strain 9-80118; (D) strain R328;
(E) strain R374; (F) strain R384; (G) strain R385; (H)
strain R375; (I) strain R387; (J) strain 77-36098.

resistance genes have been translocated (1-3, 5).
To determine whether these Cmr plasmids share
DNA sequences with each other and with other
previously isolated R plasmids, we performed
hybridization experiments. Plasmids RSF007,
isolated in 1975 from H. influenzae HR7 and
carrying the TEM fl-lactamase gene, and
pRI234, isolated in 1976 and carrying Cmr and
Tcr determinants, were chosen as probes for the
study; each has been well characterized (1-3,
14). [3H]thymidine-labeled RSF007 plasmid
DNA, [3H]thymidine-labeled pRI234 plasmid
DNA, and unlabeled whole-cell DNA from each
ofthe chloramphenicol-resistant isolates and the
appropriate control strains were tested (Table
2). Plasmid pRI234 appeared to share 60 to 93%
of its DNA sequences with the other chloram-
phenicol-resistant plasmids. The ampicillin-re-
sistant plasmid RSF007 shared 61 to 89% of its
sequences with the chloramphenicol-resistant
plasmids; these data suggest that all of these
plasmids share a common ancestor.
Transferability and kinetics ofresistance

gene transfer. Filter matings were performed
to determine whether the plasmids were capable
of conjugal transfer. The chloramphenicol-re-
sistant strains were all susceptible to rifampin
and streptomycin and/or erythromycin. A lab-
oratory H. influenzae strain, Rd, resistant to
rifampin, streptomycin, and erythromycin was
used as the recipient. The transconjugants were
selected on plates containing chloramphenicol
and rifampin, tetracycline and rifampin, or am-
picillin and rifampin. Colonies were then tested
for growth on streptomycin and erythromycin.
Only those colonies which were rifampin, strep-

tomycin, and erythromycin resistant were used.
Fifty to 100 transconjugants from each medium
were screened for unselected markers (Cm, Tc,
and Ap). Selected transconjugants were lysed;
the resistance to Tc, Cm, and Ap was always
correlated with the presence of a 34- to 46-me-
gadalton plasmid. The data from three sets of
experiments are summarized in Table 3. All of
the plasmids, with the exception of pMR387,
transferred Tc and Cm or Tc, Cm, and Ap as a
unit at a frequency ranging from 10-3 to 10-5. On
occasion, some of the transconjugants were sus-
ceptible to tetracycline or ampicillin. Over 1,000
transconjugants were examined; none were
found to have lost more than one resistance
determinant or to be susceptible to chloram-
phenicol.

Plasmid pMR387 appeared to be different
from the others. This plasmid is from the Thai-
land strain, which carries at least three different
plasmid species. When strain R387 was used as
a donor, the Tc and Cm determinants appeared
to transfer as a unit. However, the ampicillin
determinant did not. In the first mating exper-
iment ampicillin transferred as an unselected
marker 40 to 47% of the time with Cm or Tc.
However, in subsequent mating, the frequency
of cotransfer of ampicillin and Tc or Cm was
considerably less, yielding an average for three
matings of 7 to 14%. The first matings were
performed soon after we received the strain,
whereas the others were performed 1 and 2
months later. However, the reduced frequency

TABLE 2. Hybridization between 3H-labeled
RSFOO7 and 3H-labeled pRI234 plasmid DNA and

unlabeled whole-cell DNA
Relative DNA sequence homol-

H. influenzae ogy (%) with plasmid DNA5
straina

RSFOO7 pRI234

HR7 (RSF007) 100 61
HC234 (pRI234) 69 100
R328 73 86
77-36098 71 71
R374 89 82
R375 79 93
9-80118 77 65
R384 61 60
R385 89 71
R387 66 79
Rd 1 <1

a Source of unlabeled whole-cell DNA.
bThe actual extent of binding of 3H-labeled RSF007

and pRI234 plasmid DNA with whole-cell DNA of
their respective parental strain was 70 to 75%. All
other reactions were normalized to these values, taken
as 100%. Each value shown is the average of three
reactions.
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TABLE 3. Molecular weights and transfer frequencies of Cmr plasmids
Antibiotic transfer

Mol wt Frequency of plas-Plasmid (x106) mid transfer/donor Selected Unselected marker (%)
marker Cm Tc Ap

pR1234 38 2 x 10-3 Cm 090
Tc 100 -

pMR328 37 8 x 10-4 Cm - 75
Tc 100 -

pMR7736 40 4 x 10-5 Cm - 100
Tc 100 -

pMR9801 35 6 x 10-4 Cm - 82
Tc 100 -

pMR384 35 3 x 1(5 Cm - 100
Tc 100 -

pMR374 34 6 x 10-5 Cm - 98 100
Tc 100 - 100
Ap 100 96 -

pMR375 46 6 x 1i-" Cm - 100 100
Tc 100 - 100
Ap 100 100 -

pMR385 38 2 x 10-4 Cm - 83 97
Tc 100 - 100
Ap 100 83 -

pMR387 42 2 x 10-5 Cm - 98 14 (47)"
Tc 100 - 13 (41)b
Ap 7 7 -

a, Not applicable.
bIn the first mating, Ap transferred as an unselected marker with Cm at 47% and with Tc at 41%. In later

matings, cotransfer was significantly reduced, and the average cotransfer was 14 or 13%.

of cotransfer of ampicillin was also found in the
frozen stock of this strain. Since the strain car-

ries at least three plasmids, the ampicillin deter-
minant may have been on one of the smaller
plasmids. Transconjugants derived from this
strain, two resistant to ampicillin and the other
resistant to chloramphenicol and tetracycline,
along with the donor R387, which had lost its
resistance to ampicillin, were examined by aga-
rose gel electrophoresis. All transconjugants
showed a single 42-megadalton plasmid band
(Fig. 2).

In addition, the plasmid complement seen in
the Cmr Tcr Ap8 donor (R387) was identical to
that of the R387 Cmr Tcr Apr donor (Fig. 1).
This suggests that the ampicillin determinant is
not on one of the small plasmids. Twenty R387
transconjugants selected for Cm or Ap were

subsequently lysed; none had received the
smaller plasmids.
Characterization ofCAT. Chloramphenicol

resistance is commonly associated with the pres-
ence of the enzyme CAT. Three different plas-
mid-mediated enzymes have been characterized
among the Enterobacteriaceae (types I, II, and
III). A type III-like enzyme has been described
in a chloramphenicol-resistant H. parainflu-
enzae strain (15). Therefore, we wanted to de-

termine whether these Chloramphenicol-resist-
ant H. influenzae strains produced CAT.
Enzyme extracts were prepared from each H.

influenzae strain and a corresponding transcon-
jugant along with the E. coli strains carrying
one of the prototypic enzymes. Activity was
assayed with acetyl-coenzyme A, chloramphen-
icol, and the supematant derived from sonicated
bacteria and monitored spectrophotometrically.
H. influenzae Rd and E. coli J53, both suscep-
tible to chloramphenicol, did not have detecta-
ble PAT activity ifter 60 min of incubation at
37°C. All of the resistant strains had measurable
activity (Table 4).
With the exception of strain R387, all of the

clinical strains and the corresponding transcon-
jugants showed essentially identical CAT activ-
ity within the limit of the assay's sensitivity
(±0.25 ,tmol/min per mg). Thus, it appears that
all of the chloramphenicol-resistant H. influ-
enzae strains and the corresponding transcon-
jugant strains do have measurable CAT activity
which is capable of being transferred by conju-
gation.

DISCUSSION
The nine chloramphenicol-resistant H. influ-

enzae strains examined contained conjugative
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FIG. 2. Agarose gel electrophoresis of DNA from
cleared lysates ofH. influenzae. (A) Molecular weight
standards ranging from 62 x 1(f to 23 x 10(; (B)
donor R387 Cmr Tcr Ap' containing three plasmid
species; (CandD) Ap' Cm' Tc' transconjugants carry-
ing a 42-megadalton plasmid band; (E) Ap' Cmr Tcr
transconjugants carrying a 42-megadalton plasmid
band.

TABLE 4. CAT activity

CAT CAT activitybCm b ofRdtrans-
Strain MIC' activity' conjugant

prg) per mg)

H. influenzae
Rd 1 <0.05c
9-80118 15 0.76 0.81
R374 15 0.90 0.47
R384 15 0.36 0.37
R328 20 0.57 0.31
HC324 25 0.56 0.81
77-36098 25 0.45 0.85
R385 25 0.28 0.41
R375 40 3.30 3.23
R387 40 2.77 0.37

E. coli
J53 Cm' <0.05
J53 (Rl) cmr 2.89
J53 (Sa) Cmr 0.56
J53 (R387) Cmr 2.79
a Chloramphenicol minimal inhibitory concentra-

tions (MICs) determined with a 105 inoculum by agar
dilution.

b CAT activity i 0.25,umol/min per mg.
c <0.05 ,umol/min per mg detected during a 60-min

incubation.

plasmids encoding resistance to chlorampheni-
col and tetracycline or chloramphenicol, tetra-
cycline, and ampicillin. With the exception of
the strain from Thailand, all resistance markers
were generally transferred as a single unit. van
Klingeren et al. (14) studied the first chloram-
phenicol- and tetracycline-resistant H. influ-
enzae clinical isolate, HC234. Over 10,000 trans-
conjugants were selected for tetracycline and
screened for chloramphenicol resistance. No
chloramphenicol-susceptible colonies were iso-
lated. Similarly, we have examined over 1,000
transconjugant colonies derived from eac'.8
strain, and except for strain R387, we were un-
able to find chloramphenicol-susceptible trans-
conjugants. Therefore, with the exception of the
Thailand strain, each resistant strain usually
cotransfers the chloramphenicol and tetracy-
cline resistance determinants.

Strain R387 is unusual in that it carries at
least three different plasmid species. However,
like the other strains, R387 transfers chloram-
phenicol and tetracycline as a single unit. The
ampicillin determinant initially transferred with
these two markers at only 40%. The ability to
transfer ampicillin at even this frequency was
quickly lost. Transfer of ampicillin resistance
itself was reduced 100-fold in comparison with
chloramphenicol and tetracycline resistance;
with some clones the ability to transfer ampicil-
lin resistance was lost, but the strain remained
resistant to ampicilhin. The ampicillin marker
appears to be carried on a large plasmid of the
same molecular weight as the tetracycline and
chloramphenicol markers. Whether R387 ac-
tually carries two large plasmids of similar mo-
lecular weight or one plasmid carries all three
determinants is still under investigation.
The transfer of Cmr is correlated with the

presence of CAT activity. The two clinical H.
influenzae strains, R375 and R387, which have
the highest minimal inhibitory concentrations
for chloramphenicol (40 ,tg/ml) by agar dilution
also appear to have more CAT activity than the
other chloramphenicol-resistant H. influenzae
strains. This higher level of enzyme activity is
transferred to the transconjugants when R375 is
the donor but not when R387 is the donor. R387
may have more than one determinant for chlor-
amphenicol resistance; this is under investiga-
tion. However, there appears to be no correlation
between agar minimal inhibitory concentrations
and measurable CAT activity with the other
resistant strains.
At the present time, the CATs from these

strains are being characterized to determine
whether they are similar to one of the three
enteric plasmid-mediated enzymes previously
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described or whether they represent a new var-
iant.
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